Release of physical modes from unphysical fields by Kawamura, Yoshiharu
ar
X
iv
:1
40
9.
02
76
v5
  [
he
p-
th]
  3
0 S
ep
 20
15
Release of physical modes
from unphysical fields
Yoshiharu KAWAMURA∗
Department of Physics, Shinshu University,
Matsumoto 390-8621, Japan
September 1, 2014
Abstract
We present a basic idea and a toy model that physical modes originate from un-
observable fields. The model is defined on a higher-dimensional space-time and
has fermionic symmetries that make fields unphysical, and observable modes can
appear through a dimensional reduction.
1 Introduction
The existence of the standard model fields leads to the following basic questions, con-
cerning the structure of the model. Why is the gauge group SU (3)×SU (2)×U (1)? Why
exist three families of quarks and leptons? What is the origin of the weak scale? It is hard
to answer them completely without some powerful guiding principles and/or a more
fundamental theory. What we can do at present is to simplify the questions and to find
possible solutions based on some conjectures.
We adopt the fantastic idea that our world comes into existence from “nothing”, as
a conjecture [1]. Nothing here means an empty world whose constituents are only un-
physical objects. Based on it, we speculate that local fields emerge from unobservable
ones by unknownmechanisms. Our question is howphysical fields come from theworld
with only a vacuum state as the physical state.
In this paper, we study a mechanism to release physical fields from unobservable
ones, in the expectation that a useful hint on the origin of our world is provided. We
present a basic idea and a toy model defined on a higher-dimensional space-time. The
model has fermionic symmetries, and higher-dimensional fields form non-singlets un-
der those transformations and become unphysical. We show that some singlets can ap-
pear after the dimensional reduction and become physical.
The outline of this paper is as follows. In the next section, we give our basic idea.
In section 3, we present a toy model that physical modes come from unobservable ones
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through a dimensional reduction. In the last section, we give conclusions and discus-
sions.
2 Release of physical modes
2.1 Basic idea
Our basic idea is summarized as follows. We assume that the world just after the birth
of space-time is effectively described by a theory with unphysical particles on a higher
dimensional space-time.
Let the fermionic conserved charges Q A
f
satisfy the algebraic relations,
{Q Af ,Q
B
f }=
∑
i
f ABi N i , [N i ,Q Af ]= i
∑
B
f i ABQBf , [N
i ,N j ]= i
∑
k
f i j k N k , (1)
where {O1,O2} ≡ O1O2+O2O1, [O1,O2] = O1O2−O2O1 and N i are some bosonic con-
served charges. f ABi , f j AB and f i j k are the structure constants that satisfy the relations,∑
i
(
f ABi f iCD + f BCi f i AD + f C Ai f i BD
)
= 0 , (2)
∑
j
f AB j f j i k +
∑
C
(
f i BC f C Ak + f i AC f CBk
)
= 0 , (3)
∑
k
f i j k f k AC −
∑
B
(
f j AB f i BC + f i AB f j BC
)
= 0 , (4)
∑
l
(
f i j l f l km + f j kl f l i m + f ki l f l j m
)
= 0 , (5)
from the Jacobi identities,
[{Q Af ,Q
B
f },Q
C
f ]+ [{QBf ,QCf },Q Af ]+ [{QCf ,Q Af },QBf ]= 0 , (6)
[{Q Af ,Q
B
f },N
i ]− {[QBf ,N i ],Q Af }+ {[N i ,Q Af ],QBf }= 0 , (7)
[[N i ,N j ],Q Af ]+ [[N j ,Q Af ],N i ]+ [[Q Af ,N i ],N j ]= 0 , (8)
[[N i ,N j ],N k ]+ [[N j ,N k ],N i ]+ [[N k ,N i ],N j ]= 0 . (9)
The system is supposed to be schematically expressed by the Lagrangian density
L(4+n)D or the Hamiltonian densityH(4+n)D such that
L(4+n)D = δ(1)f R
(1)
(4+n)D = δ
(2)
f
R
(2)
(4+n)D = ·· · = δ
(s)
f
R
(s)
(4+n)D , (10)
H(4+n)D = i {Q(1)f ,R˜
(1)
(4+n)D}= i {Q
(2)
f
,R˜(2)
(4+n)D}= ·· · = i {Q
(s)
f
,R˜(s)
(4+n)D} , (11)
where δ(r )
f
(r = 1,2, · · · , s) are defined by ζ(r )δ(r )
f
O(4+n)D = i [ζ(r )Q(r )f ,O(4+n)D] with Grass-
mannparameters ζ(r ), andQ(r )
f
are linear combinations ofQ A
f
, i. e.,Q(r )
f
≡∑A a(r )A Q Af with
some constants a(r )
A
. O(4+n)D = O(4+n)D(x, y) is an operator on the higher-dimensional
space-time, where x and y stand for the coordinates of a 4-dimensional (4D) space-time
and an extra space, respectively.
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Physical states denoted by |phys〉 can be selected by imposing the following condi-
tions on states,
Q(r )
f
|phys〉 = 0 (r = 1,2, · · · , s) . (12)
The conditions (12) are interpreted as counterparts of the Kugo-Ojima subsidiary condi-
tion in the BRST quantization [2, 3, 4].
The system does not evolve because of the relation 〈phys|H(4+n)D|phys〉 = 0 derived
from (11) and (12). Every field belongs to a member of non-singlets under the fermionic
charges Q(r )
f
, i.e., every particle pairs with its ghost partner that is related to by Q(r )
f
, and
it is unphysical. Then, only the vacuum |0〉 survives as the physical state.
For the emergence of a physical mode, it is necessary to disappear its ghost partner.
Based on the orbifold breakingmechanism that somemodes are eliminated by orbifold-
ing the extra space [5], we assume that the structure of space-time changes, the configu-
ration of fields are altered, and then the boundary conditions of fields on the extra space
are determined dynamically. After the dimensional reduction to the 4D space-time, the
system is schematically expressed by the Lagrangian density L4D or the Hamiltonian
densityH4D such that, in s
′ different way,
L(4+n)D →L4D =L +δ(r
′)
f(4D)
R
(r ′)
4D
, (13)
H(4+n)D →H4D =H + i {Q(r
′)
f(4D)
,R˜(r
′)
4D
} , (14)
where δ(r
′)
f(4D)
(r ′ = 1,2, · · · , s ′) are defined by ζ(r ′)δ(r ′)
f(4D)
O4D = i [ζ(r
′)Q(r
′)
f(4D)
,O4D] with Grass-
mann parameters ζ(r
′) and an operator O4D =O4D(x) defined on the 4D space-time, and
Q(r
′)
f(4D)
are fermionic charges.
Physical states can be selected by imposing the following conditions on states,
Q(r
′)
f(4D)
|phys〉 = 0 (r ′ = 1,2, · · · , s ′) . (15)
Unless H is written by an exact form for Q(r
′)
f(4D)
, H can contain 4D Q(r
′)
f(4D)
singlet
fields, i.e., ghost partnerless particles. Then, physical states including them appear in
the system.
3 An example
3.1 5-dimensional toy model
We give a toy model defined on a 5-dimensional (5D) flat space-time. Let us begin with
the Lagrangian density,
L5D = ∂Mϕ†∂Mϕ−m2ϕ†ϕ+∂M c†ϕ∂M cϕ−m2c†ϕcϕ
=
N∑
a=1
(
∂Mϕ
a†∂Mϕa −m2ϕa†ϕa +∂M ca†ϕ ∂M caϕ−m2ca†ϕ caϕ
)
, (16)
3
where M = 0,1,2,3,5, ϕa = ϕa(x, y) are ordinary 5D complex scalar fields yielding the
commutation relations, and caϕ = caϕ(x, y) are 5D complex scalar fields yielding the anti-
commutation relations. Here xµ (µ = 0,1,2,3) and x5 are denoted by x and y , respec-
tively. Both ϕa and caϕ form N-plets ofU (N ).
Based on the formulationwith the property that the hermitian conjugate of canonical
momentum for a variable is just the canonical momentum for the hermitian conjugate of
the variable [6], we define the conjugatemomenta of ϕ, ϕ†, cϕ and c
†
ϕ as
π≡
(
∂L5D
∂ϕ˙
)
R
= ϕ˙† , π† ≡
(
∂L5D
∂ϕ˙†
)
L
= ϕ˙ , (17)
πcϕ ≡
(
∂L5D
∂c˙ϕ
)
R
= c˙†ϕ , π†cϕ ≡
(
∂L5D
∂c˙†ϕ
)
L
= c˙ϕ , (18)
where R and L stand for the right-differentiation and the left-differentiation,respectively.
By solving the Klein-Gordon equations
(
+m2
)
ϕ = 0 and
(
+m2
)
cϕ = 0, we ob-
tain the solutions,
ϕ(x)=
∫
d4k√
(2π)42k0
(
a(k)e−i kx +b†(k)e i kx
)
, (19)
ϕ†(x)=
∫
d4k√
(2π)42k0
(
a†(k)e i kx +b(k)e−i kx
)
, (20)
π(x)= i
∫
d4k
√
k0
2(2π)4
(
a†(k)e i kx −b(k)e−i kx
)
, (21)
π†(x)=−i
∫
d4k
√
k0
2(2π)4
(
a(k)e−i kx −b†(k)e i kx
)
, (22)
cϕ(x)=
∫
d4k√
(2π)42k0
(
c(k)e−i kx +d†(k)e i kx
)
, (23)
c†ϕ(x)=
∫
d4k√
(2π)42k0
(
c†(k)e i kx +d(k)e−i kx
)
, (24)
πcϕ(x)= i
∫
d4k
√
k0
2(2π)4
(
c†(k)e i kx −d(k)e−i kx
)
, (25)
π†cϕ(x)=−i
∫
d4k
√
k0
2(2π)4
(
c(k)e−i kx −d†(k)e i kx
)
, (26)
where k0 =
p
k2+m2 and kx = kM xM .
The system is quantized by regarding variables as operators and imposing the follow-
ing commutation or anti-commutation relations on the canonical pairs,
[ϕa(x, t ),πa
′
(y, t )]= iδaa′δ4(x−y) , [ϕa†(x, t ),πa′†(y, t )]= iδaa′δ4(x−y) , (27)
{caϕ(x, t ),π
a′
cϕ
(y, t )}= iδaa′δ4(x−y) , {ca†ϕ (x, t ),πa
′†
cϕ
(y, t )}=−iδaa′δ4(x−y) , (28)
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and others are zero. Or equivalently, for operators a(k), b†(k), a†(k), b(k), c(k), d†(k),
c†(k) and d(k), the following relations are imposed on,
[aa(k),aa
′†(l)]= δaa′δ4(k− l) , [ba(k),ba′†(l)]= δaa′δ4(k− l) , (29)
{ca(k),ca
′†(l)}= δaa′δ4(k− l) , {d a(k),d a′†(l)}=−δaa′δ4(k− l) , (30)
and others are zero.
The state vectors in the Fock space are constructed by operating creation operators
aa†(k), ba†(k), ca†(k) and d a†(k) from the vacuum state |0〉 that satisfy aa(k)|0〉 = 0,
ba(k)|0〉 = 0, ca(k)|0〉 = 0 and d a(k)|0〉 = 0. Note that the system contains negative norm
states as seen from the relation {d a(k),d a
′†(l)} = −δaa′δ4(k− l). For instance, from the
relation,
0<
∫
d4k
∣∣ f a(k)∣∣2 =−∫d4k ∫d4l f a∗(k) f a(l)〈0|{d a(k),d a†(l)}|0〉
=−
∫
d4k
∫
d4l f a∗(k) f a(l)〈0|d a(k)d a†(l)|0〉 =−
∣∣∣∣
∫
d4k f a(k)d a†(k)|0〉
∣∣∣∣2 , (31)
we see that the state
∫
d4k f a(k)d a†(k)|0〉 has a negative norm. Here, f a(k) are some
square integrable functions.
The L5D is invariant under theU (N )(⊃ SU (N )×U (1)) transformation,
δαϕ= iǫαT αϕ , δαϕ† =−iǫαϕ†T α , δαcϕ = iǫαT αcϕ , δαc†ϕ =−iǫαc†ϕT α , (32)
δϕ= iǫϕ , δϕ† =−iǫϕ† , δcϕ = iǫcϕ , δc†ϕ =−iǫc†ϕ (33)
and the fermionic transformations,
δαFϕ=−ζαT αcϕ , δαFϕ† = 0 , δαF cϕ = 0 , δαF c†ϕ = ζαϕ†T α , (34)
δFϕ=−ζcϕ , δFϕ† = 0 , δFcϕ = 0 , δFc†ϕ = ζϕ† , (35)
δα†
F
ϕ= 0 , δα†
F
ϕ† = ζα†c†ϕT α , δα†F cϕ = ζα†T αϕ , δ
α†
F
c†ϕ = 0 , (36)
δ†
F
ϕ= 0 , δ†
F
ϕ† = ζ†c†ϕ , δ†Fcϕ = ζ†ϕ , δ
†
F
c†ϕ = 0 , (37)
where ǫα (α = 1,2, · · · ,N2−1) and ǫ are infinitesimal real parameters, and ζα and ζ are
Grassmann parameters.
The above transformations are generated by the conserved charges as follows,
δαO5D = i [ǫαNα,O5D] , δO5D = i [ǫN0,O5D] , (38)
δαFO5D = i [ζαQαF ,O5D] , δFO5D = i [ζQF,O5D] , (39)
δα†
F
O5D = i [Qα†F ζα†,O5D] , δ
†
F
O5D = i [Q†Fζ†,O5D] , (40)
where Nα and N0 are the SU (N ) andU (1) conserved hermitian charges, andQα
F
,QF,Q
α†
F
and Q†
F
are the fermionic conserved charges. Note that δF and δ
†
F
are not generated by
hermitian operators, different from the generator of the BRST transformation in systems
with first class constraints [4] and that of the topological symmetry [7, 8].
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FromQα
F
,QF,Q
α†
F
andQ†
F
, we can construct the fermionic conserved hermitian charges
Qα1 , Q
α
2 ,Q1 andQ2 such that
Qα1 ≡QαF +Qα†F , Qα2 ≡ i (QαF −Q
α†
F
) , Q1 ≡QF+Q†F , Q2 ≡ i (QF−Q
†
F
) . (41)
The conserved charges satisfy the algebraic relations,
[Nα,Nβ]= i
N2−1∑
γ=1
f αβγNγ , [Nα,Q
β
1 ]= i
N2−1∑
γ=1
f αβγQ
γ
1 , [N
α,Q
β
2 ]= i
N2−1∑
γ=1
f αβγQ
γ
2 ,
{Qα1 ,Q
β
1 }=
N2−1∑
γ=1
f αβγNγ , {Qα2 ,Q
β
2 }=
N2−1∑
γ=1
f αβγNγ ,
{Qα1 ,Q
β
2 }=
1
N
δαβN0+
N2−1∑
γ=1
dαβγNγ , (Q1)
2 =N0 , (Q2)2 =N0 , {Q1,Q2}= 0 , (42)
where f αβγ and dαβγ are structure constants of the Lie algebra su(N ) that satisfy the
relations [T α,T β]= i ∑N2−1γ=1 f αβγT γ and {T α,T β}= 1N δαβI + i ∑N2−1γ=1 dαβγT γ (I is the N ×
N unit matrix), and N0 commutes to every charge.
The L5D is rewritten as
L5D = δFR5D = δ†FR
†
5D
= δFδ†FL
ϕ
5D
=−δ†
F
δFL
ϕ
5D
, (43)
where δF and δ
†
F
are defined by δF = ζδF and δ†F = ζ†δ
†
F
, andR5D,R
†
5D
andL
ϕ
5D
are given
by
R5D = ∂M c†ϕ∂Mϕ−m2c†ϕϕ , R†5D = ∂Mϕ†∂M cϕ−m2ϕ†cϕ , (44)
L
ϕ
5D
= ∂Mϕ†∂Mϕ−m2ϕ†ϕ , (45)
respectively.
The Hamiltonian densityH5D is written in theQF andQ
†
F
exact forms such that
H5D = i {QF,R˜5D}=−i {Q†F,R˜
†
5D
}= {QF, {Q†F,H
ϕ
5D
}}=−{Q†
F
, {QF,H
ϕ
5D
}} , (46)
where QF, Q
†
F
, R˜5D, R˜
†
5D
and H
ϕ
5D
are given by
QF =
∫(
−πcϕ+ϕ†π†cϕ
)
d4x , Q†
F
=
∫(
−c†ϕπ†+πcϕϕ
)
d4x , (47)
R˜5D =πcϕπ†+∇c†ϕ∇ϕ+m2c†ϕϕ , R˜†5D =ππ†cϕ +∇ϕ
†
∇cϕ+m2ϕ†cϕ , (48)
H
ϕ
5D
=ππ†+∇ϕ†∇ϕ+m2ϕ†ϕ . (49)
To formulate our model in a consistent manner, we use a feature that a conserved
charge can, in general, be set to be zero as a subsidiary condition. We impose the following
subsidiary conditions on states to select physical states,
QF|phys〉 = 0 and Q†F|phys〉 = 0 , (50)
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Note that Q†
F
|phys〉 = 0 means 〈phys|QF = 0, and N0|phys〉 = 0 is also imposed on from
the relation {QF,Q
†
F
} = N0. We find that all states, except for the ground state |0〉, are
unphysical because they do not satisfy (50). This feature is understood as the quartet
mechanism [2, 3]. The projection operator P (n) on the states with n particles is given by
P (n) = 1
n
(
a†P (n−1)a+b†P (n−1)b+c†P (n−1)c−d†P (n−1)d
)
(n ≥ 1) , (51)
and is written by
P (n) = i
{
QF,R
(n)
}
, (52)
where R (n) is given by
R (n) = 1
n
(
c†P (n−1)a+b†P (n−1)d
)
(n ≥ 1) . (53)
We find that any state with n ≥ 1 is unphysical from the relation 〈phys|P (n)|phys〉 = 0
for n ≥ 1. Then, we understand that both ϕ and cϕ become unphysical, and only |0〉 is
physical. This can be regarded as a field theoretical version of the Parisi-Sourlasmecha-
nism [9].
UsingQ1(≡QF+Q†F) andQ2(≡ i (QF−Q
†
F
)), H5D is rewritten as
H5D = i {Q1,R˜1}= i {Q2,R˜2} , (54)
where R˜1 and R˜2 are given by
R˜1 =
1
2
(
R˜5D+R˜†5D
)
, R˜2 =
1
2i
(
R˜5D−R˜†5D
)
, (55)
respectively. We can select only the vacuum state as physical states by imposing the
following subsidiary conditions on states, in place of (50),
Q1|phys〉 = 0 and Q2|phys〉 = 0 . (56)
As seen from the relations (Q1)
2 =N0, (Q2)2 =N0 and {Q1,Q2}= 0 (orQF2 = 0,Q†F
2 = 0
and {QF,Q
†
F
} = N0), our fermionic charges Q1 and Q2 (or QF and Q†F) are different from
BRST and anti-BRST charges. Though Q1, Q2 and N
0 form elements of the N = 2 (quan-
tum mechanical) supersymmetry algebra [10], our system does not possess the space-
time supersymmetry, because N0 is not our Hamiltonian H5D ≡
∫
H5Dd
4x but theU (1)
charge. In thisway, our fermionic symmetries are different from theBRST symmetry and
the space-time supersymmetry.
3.2 Dimensional reduction
We show that singlets under fermionic transformations can appear through a dimen-
sional reduction and become physical modes.
We assume that the structure of space-time changes into M4 × S1/Z2. Here, M4 is
the 4D Minkowski space-time and S1/Z2 is the 1-dimensional (1D) orbifold obtained
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by dividing a circle S1 with the Z2 reflection of 5-th coordinate such as y →−y or y →
2πR− y (R is the radius of S1).
If we require that the Lagrangian density should be single-valued on M4×S1/Z2, the
following boundary conditions are allowed,
ϕ(x,−y)= η0P0ϕ(x, y) , ϕ(x,2πR− y)= η1P1ϕ(x, y) , (57)
cϕ(x,−y)= η0c P0cϕ(x, y) , cϕ(x,2πR− y)= η1c P1cϕ(x, y) , (58)
where η0 and η1 are intrinsic Z2 parities ofϕ, η
0
c and η
1
c are intrinsic Z2 parities of cϕ, and
P0 and P1 are N ×N matrices that satisfy (P0)2 = I and (P1)2 = I , respectively.
We assume that the boundary conditions are determined by an unknown mecha-
nism, and take (η0,η1)= (1,1), (η0c ,η1c )= (−1,−1), and
P0 = diag(1, · · · ,1︸ ︷︷ ︸
N
) , P1 = diag(1, · · · ,1︸ ︷︷ ︸
k
,−1, · · · ,−1︸ ︷︷ ︸
N−k
) . (59)
Then,ϕ and cϕ are given by the Fourier expansions,
ϕa+(x, y)= 1p
πR
ϕ
a+
0 (x)+
√
2
πR
∞∑
n=1
ϕ
a+
n (x)cos
(n
R
y
)
, (60)
ϕa−(x, y)=
√
2
πR
∞∑
n=1
ϕ
a−
n (x)cos
(
n− 1
2
R
y
)
, (61)
c
a+
ϕ (x, y)=
√
2
πR
∞∑
n=1
c
a+
n (x)sin
(n
R
y
)
, (62)
c
a−
ϕ (x, y)=
√
2
πR
∞∑
n=1
c
a−
n (x)sin
(
n− 1
2
R
y
)
, (63)
whereϕ
a+
0 (x),ϕ
a±
n (x) and c
a±
n (x) (a+ = 1, · · · ,k,a− = k+1, · · · ,N ,n = 1,2, · · ·) are 4D fields.
Note that the fermionic symmetries are broken down explicitly by the above intrinsic Z2
parity assignments.
After inserting the expansions (60) – (63) into (16) and integrating the 5-th coordinate,
we obtain the 4D Lagrangian density,
L4D =
k∑
a+=1
(
∂µϕ
a+†
0 ∂
µϕ
a+
0 −m2ϕ
a+†
0 ϕ
a+
0
)
+
k∑
a+=1
∞∑
n=1
[
∂µϕ
a+†
n ∂
µϕ
a+
n −
(
m2+
(n
R
)2)
ϕ
a+†
n ϕ
a+
n
+∂µca+†n ∂µca+n −
(
m2+
(n
R
)2)
c
a+†
n c
a+
n
]
+
N∑
a−=k+1
∞∑
n=1
[
∂µϕ
a−†
n ∂
µϕ
a−
n −
(
m2+
(
n− 1
2
R
)2)
ϕ
a−†
n ϕ
a−
n
+∂µca−†n ∂µca−n −
(
m2+
(
n− 1
2
R
)2)
c
a−†
n c
a−
n
]
. (64)
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The L4D is invariant under the SU (k)×SU (N −k)×U (1) transformation,
δαˆϕ0 = iǫαˆT αˆϕ0 , δαˆϕ†0 =−iǫαˆϕ†0T αˆ , δϕ0 = iǫϕ0 , δϕ†0 =−iǫϕ†0 , (65)
δαˆϕn = iǫαˆT αˆϕn , δαˆϕ†n =−iǫαˆϕ†nT αˆ , δαˆcn = iǫαˆT αˆcn , δαˆc†n =−iǫαˆc†nT αˆ , (66)
δϕn = iǫϕn , δϕ†n =−iǫϕ†n , δcn = iǫcn , δc†n =−iǫc†n , (67)
where ǫαˆ (αˆ = 1,2, · · · ,k2+ (N − k)2− 2) and ǫ are infinitesimal real parameters, T αˆ are
the elements of Lie algebra concerning SU (k)×SU (N −k), and ϕ0, ϕn and cn stand for
multipletsϕ
a+
0 , ϕ
a
n and c
a
n (a = 1,2, · · · ,N ), respectively.
The L4D is also invariant under the fermionic transformations,
δαˆFϕn =−ζαˆT αˆcn , δαˆFϕ†n = 0 , δαˆF cn = 0 , δαˆF c†n = ζαˆϕ†nT αˆ , (68)
δFϕn =−ζcn , δFϕ†n = 0 , δFcn = 0 , δFc†n = ζϕ†n , (69)
δαˆ†
F
ϕn = 0 , δαˆ†F ϕ†n = ζαˆ†c†nT αˆ , δ
αˆ†
F
cn = ζαˆ†T αˆϕn , δαˆ†F c†n = 0 , (70)
δ†
F
ϕn = 0 , δ†Fϕ†n = ζ†c†n , δ
†
F
cn = ζ†ϕn , δ†Fc†n = 0 , (71)
where ζαˆ and ζ are Grassmann parameters.
The L4D is rewritten by
L4D =
k∑
a+=1
(
∂µϕ
a+†
0 ∂
µϕ
a+
0 −m2ϕ
a+†
0 ϕ
a+
0
)
+LKK ,
LKK = δFR4D = δ†FR
†
4D
= δFδ†FL
ϕ
KK
=−δ†
F
δFL
ϕ
KK
, (72)
where δF and δ
†
F
are defined by δF = ζδF and δ†F = ζ†δ
†
F
, and R4D and L
ϕ
KK
are given by
R4D =
k∑
a+=1
∞∑
n=1
[
∂µc
a+†
n ∂
µϕ
a+
n −
(
m2+
(n
R
)2)
c
a+†
n ϕ
a+
n
]
+
N∑
a−=k+1
∞∑
n=1
[
∂µc
a−†
n ∂
µϕ
a−
n −
(
m2+
(
n− 1
2
R
)2)
c
a−†
n ϕ
a−
n
]
. (73)
L
ϕ
KK
=
k∑
a+=1
∞∑
n=1
[
∂µϕ
a+†
n ∂
µϕ
a+
n −
(
m2+
(n
R
)2)
ϕ
a+†
n ϕ
a+
n
]
+
N∑
a−=k+1
∞∑
n=1
[
∂µϕ
a−†
n ∂
µϕ
a−
n −
(
m2+
(
n− 1
2
R
)2)
ϕ
a−†
n ϕ
a−
n
]
. (74)
In the similar way, the Hamiltonian densityH4D is written by
H4D =
k∑
a+=1
(
π
a+
0 π
a+†
0 +∇ϕ
a+†
0 ∇ϕ
a+
0 +m2ϕ
a+†
0 ϕ
a+
0
)
+HKK ,
HKK = i {QF(4D),R˜4D}=−i {Q†F(4D),R˜
†
4D
}= {QF(4D), {Q†F(4D),H
ϕ
KK
}}
=−{Q†
F(4D)
, {QF(4D),H
ϕ
KK
}} , (75)
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where QF(4D), R˜4D and H
ϕ
KK
are given by
QF(4D) =
∫ N∑
a=1
∞∑
n=1
[
−πancan +ϕa†n πa†cn
]
d3x , (76)
R˜4D =
k∑
a+=1
∞∑
n=1
[
π
a+†
cn π
a+
n +∇ca+†n ∇ϕa+n +
(
m2+
(n
R
)2)
c
a+†
n ϕ
a+
n
]
+
N∑
a−=k+1
∞∑
n=1
[
π
a−†
cn π
a−
n +∇ca−†n ∇ϕa−n +
(
m2+
(
n− 1
2
R
)2)
c
a−†
n ϕ
a−
n
]
, (77)
H
ϕ
KK
=
k∑
a+=1
∞∑
n=1
[
π
a+†
n π
a+
n +∇ϕa+†n ∇ϕa+n +
(
m2+
(n
R
)2)
ϕ
a+†
n ϕ
a+
n
]
+
N∑
a−=k+1
∞∑
n=1
[
π
a−†
n π
a−
n +∇ϕa−†n ∇ϕa−n +
(
m2+
(
n− 1
2
R
)2)
ϕ
a−†
n ϕ
a−
n
]
. (78)
Here, π
a+
0 = ϕ˙
a+†
0 , π
a+†
0 = ϕ˙
a+
0 , π
a
n = ϕ˙a†n , πa†n = ϕ˙an , πacn = c˙a†n and πa†cn = c˙an .
We impose the following subsidiary conditions on states,
QF(4D)|phys〉 = 0 and Q†F(4D)|phys〉 = 0 , (79)
and select physical states. From (68) – (71), Kaluza-Klein (KK) modes ϕan(x) and c
a
n(x)
(n = 1,2, · · ·) formnon-singlets of fermionic symmetries and becomeunphysical. In con-
trast, ϕ
a+
0 (x) are singlets of fermionic symmetries and become physical fields. In this
way, it is shown that the modes ϕ
a+
0 (x) release from the unphysical fields ϕ
a(x, y), after
the dimensional reduction.
We point out that our fermionic symmetries generated by QF(4D) and Q
†
F(4D)
are re-
garded as accidental ones appearing after the compactification, because the original
fermionic symmetries are broken down explicitely by the boundary conditions as seen
from the fact that QF and Q
†
F
defined by (47) vanish using the Fourier expansions (60) –
(63).
4 Conclusions and discussions
We have studied a mechanism to release physical fields from unphysical ones, based on
the conjecture that our world comes into existence from nothing. We have proposed
the idea that physical modes can appear through the dimensional reduction from un-
observable particles on a higher-dimensional space-time, and presented the toy model
with fermionic symmetries thatmake 5Dfields unphysical formingnon-singlets of those
symmetries, and 4D singlet modes come from through the compactification with the
orbifold breakingmechanism.1
1 As an attempt different from the standard lore, toy models of fermions have been presented with the
feature that a finite numbers of Kaluza-Klein modes survive without inducingmasses after the integration
over extra coordinates by imposing the invariance under space-time reflections and a shift relating extra
space on the Lagrangian density [11, 12].
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There are many subjects left behind to explore the origin of our world.
First one is to explore how the topology change occurs and how boundary condi-
tions are determined. It is interesting to investigate a dynamical determination of the
structure of space-time and the pattern of boundary conditions.
Second one is to construct a realistic theory including the standard model as a low-
energy theory and a fundamental theory at a higher-energy scale, based on our conjec-
ture and idea. Larger fermionic symmetries would be needed to formulate unphysical
theories including gauge bosons and gravitons. It is challenging to construct an inter-
acting model containing our coexisting system as a subsystem, after an example of the
gauge fixing term and the Faddeev-Popov ghost term [13] in gauge theories [2, 3, 4] and
non-gaugemodel with BRST scalar doublets [14, 15].
Last one is to answer the question whether our scenario is verified or not experi-
mentally. The first step is to find an experimental signature for the existence of QF-
doublets. For a system thatQF-singlets and QF-doublets coexist and interact with in the
exact fermionic invariant way, the Lagrangian density is, in general, written schemati-
cally such thatLTotal =LS+LD+Lmix =LS+δFδ†F(∆L ). Here,LS,LD andLmix are the
Lagrangian density for QF-singlets, QF-doublets and interactions between QF-singlets
and QF-doublets. Under the subsidiary conditions QF|phys〉 = 0 and Q†F|phys〉 = 0 on
states, all QF-doublets become unphysical and would not give any dynamical effects on
QF-singlets. The system seems to be same as that described by LS alone. From this, we
suppose that it is not possible to show the existence of QF-doublets. However, in a very
special case, an indirect proof would be possible through fingerprints left by symmetries
in a fundamental theory. The fingerprints are specific relations among parameters such
as a coupling unification, reflecting on underlying symmetries [1]. This subject will be
reexamined in the separate publication [16].
These studies would shed new light on the origin of our space-time and the standard
model, and provide us a hint on the structure of ultimate theory.
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